The assessment was performed by a team of engineers from Pacific Northwest National Laboratory (PNNL) under contract to the Installation Management Agency (IMA) Southeast Region Office (SERO). The effort used the Facility Energy Decision System (FEDS) model to determine how energy is consumed at Fort Buchanan, identify the most cost-effective energy retrofit measures, and calculate the potential energy and cost savings.
For appropriated funds source of capital in Table ES .1, Fort Buchanan can save 28,204 MMBtu/year and $851,000/year if all cost-effective retrofits are implemented. The site can reduce its energy consumption by 15.7% by implementing the 119 cost-effective energy-and cost-reducing projects identified in this report.
For alternative financing source of capital in Table ES .2, Fort Buchanan can save 20,179 MMBtu/year and $663,000/year if all cost-effective retrofits are implemented. The site can reduce its energy consumption by 11.2% by implementing the 91 cost-effective energy-and cost-reducing projects identified in this report.
In addition to this report, the Fort Buchanan energy manager will receive a complete record of the FEDS input and output files. The FEDS input files consist of the relevant building and equipment data collected and the assumptions made to perform the complex engineering analysis. The FEDS output files contain considerably more detail in support of future project development. 
Introduction
This report contains the results of the Facility Energy Decision System (FEDS) assessment conducted at Fort Buchanan, Puerto Rico by Pacific Northwest National Laboratory (PNNL). The scope of this activity was based on performing a site-wide energy assessment using the FEDS process to identify cost-effective energy-and cost-reduction projects. The results of the FEDS assessment will be used by the installation to develop a Long-Range Energy Management Plan that will outline how Fort Buchanan will meet the goals of Executive Order 13123 by FY 2010.
Purpose
The purpose of this report is to present the findings resulting from the site visit performed April [26] [27] [28] 2004 and subsequent modeling and analysis. The objective of the site visit was to collect the necessary data to conduct a detailed site assessment using the FEDS process, which would result in a list of cost-effective, energy-and cost-reduction projects for Fort Buchanan, and provide the necessary data and information to develop the Long-Range Energy Management Plan.
Site Visits and Teams
The formal kickoff of the site assessment at Fort Buchanan was held on the morning of 
Current Status
Executive Order 13123 requires that energy use intensity (MMBtu/ft 2 /year) be reduced by 30% in 2005 and 35% in 2010 as compared to a 1985 baseline. Fort Buchanan is subject to this goal and is behind of the compliance glide path-103.5% above the FY 1985 baseline as compared to the FY 2004 targeted reduction of 28.5% (see figure 1) . Fort Buchanan has increased energy intensity significantly since 1985 mainly because of a major increase in air conditioning in administrative facilities, barracks, and family housing. Most of these facilities were not originally designed for air conditioning and do not have the appropriate insulation, windows, and moisture barriers in the walls, ceilings, and around the foundation.
Fort Buchanan is far above the compliance glide path, resulting in a need to reduce its energy intensity by 9.7% every year to meet the 2010 goal. In 2003, Fort Buchanan's total energy consumption was 171,711 MMBtu, with a cost of $2,783,000. The historical energy intensity for Fort Buchanan is shown in Figure 1 . 
Description of Facilities
Fort Buchanan is located near San Juan, Puerto Rico, and during FY 2004 consisted of 511 buildings totaling approximately 2.1 million square feet, which includes 224 family housing facilities totaling over 449 thousand square feet. The scope of the FEDS assessment performed at Fort Buchanan included all facilities in the primary cantonment area including family housing. Table 1 identifies the list of facility categories for the FEDS assessment and the facility proxies for each category. The facilities at Fort Buchanan were divided into 33 categories for modeling based on the 41 buildings visited by the team. Please note that all school buildings are included in building sets 10tr, 10is, 10es, 10ms, 10hs, and 50% of the area of 60c (cafeterias). A complete listing of the facilities (buildings) associated with each FEDS facility category is provided in Appendix B. 
Central Energy Plants
By definition, the FEDS model considers any boiler or chiller that provides heating or cooling to more than one building a central plant. The high school, middle school, and elementary school chillers fit this definition and were modeled as chilled water central energy plants (CEPs).
Other Loads
No comprehensive inventory of exterior lighting (including street lighting) was found, but the number of street lighting poles was estimated using data from a previous light pole replacement and numbering project. Using this data and the site staff's knowledge of type and wattage of bulbs typically used, the exterior lighting annual electric consumption was estimated at 186 MWh.
The estimated annual electricity consumption for water pumping (potable water, sewage, and pool water) was nearly 965 MWh. This estimate is based on pump size and utilization data collected during the site visit.
The golf cart battery charging station was estimated to use only 5.6 MWh annually, based on nameplate data and an interview with an employee.
Electricity distribution losses were assumed to be 4% of purchased electricity.
Model Calibration
Building energy use was simulated with FEDS and combined with the non-building energy infrastructure characterization to predict the total site energy consumption for FY 2003. The model calibration includes the family housing units in Coconut Grove (30sf-2) and Coqui Gardens (30sf-3). Because these units were occupied during the calibration year (FY2003), they must be included for proper model calibration. After the site visit, however, major demolition has taken place in those two housing areas. For this reason, no retrofits will be allowed for 30sf-2 and 30sf-3.
Description of Opportunities Identified
The number of conceivable energy conservation measures and fuel-switching opportunities at federal sites is very large. The FEDS model is used to cost-effectively identify energy saving opportunities for the site. FEDS is a software tool that provides a comprehensive method to quickly and objectively identify energy improvements that offer maximum life-cycle cost savings. FEDS determines the optimum set of cost-effective retrofits from a current database of hundreds of proven technologies. These include retrofits for heating, cooling, lighting, motors, building envelope, and hot water systems. Interactive effects are also evaluated as part of the optimization process so that energy savings are not double counted or undercounted. The results are based on life-cycle cost economics consistent with 10 CFR 436.
FEDS identifies the package of retrofits that individually and collectively minimize the life-cycle cost of building energy services, resulting in projects where the net present value (NPV) of the investment is greater than or equal to zero and the savings-to-investment ratio (SIR) is greater than or equal to one. Results are developed for government (appropriated) and alternative (e.g., ESPC and UESC) financing assumptions.
In general, the discount rate is higher and the economic evaluation life is shorter for alternative financing compared to government financing. The economic life for the latter is set at 25 years with the discount rate adjusted each year in response to market conditions. The FY03 prescribed government discount rate of is 3.0% in real terms, i.e., in excess of general inflation was used in the analysis. Alternative financing assumptions are not prescribed, but set by negotiation between the ESCO and the federal organization. An economic evaluation life of 15 years and a real discount rate of 5.38% are used to represent alternative financing conditions in this assessment, based on a collection of prior site experiences in the Army. Table 2 summarizes the FEDS results by retrofit category (e.g., cooling) and type (e.g., chillers) using appropriated funding as the source of capital for the projects. Table 3 summarizes the FEDS results by retrofit category using alternative financing as the source of capital for the projects. The complete list of cost-effective energy-and cost-reduction projects resulting from the FEDS modeling and analysis are presented in Appendices C-1 (appropriated funds) and C-2 (alternative financing).
2 The greatest energy saving potential was found in building envelope measures (12,181 MMBtu/year), followed by lighting (8,463 MMBtu/year). The largest estimated dollar savings was also building envelope ($341,000/year), again followed by lighting ($278,000/year). Miscellaneous service hot water measures (although small projects) overwhelmingly show the greatest SIR (27.25), followed by compact fluorescent lighting (5.72). The greatest energy saving potential was found in building envelope measures (9,013 MMBtu/year), followed by lighting (6,844 MMBtu/year.) The largest estimated dollar savings was envelope ($275,000/year) followed by lighting ($254,000/year). Miscellaneous service hot water measures again show the far greatest SIR (37.31), followed by compact fluorescent lighting (3.75).
As would be expected, the total number of cost-effective retrofits is fewer (and installed cost/ capital investment is significantly less) under alternative financing source of capital, and thus the energy and dollar savings are likewise less. The total number of cost-effective retrofits using appropriated source of capital is 119 and the total number of cost-effective retrofits using alternative financing source of capital is 91. Using appropriated funding will save 8,025 MMBTU/year and $187,805/year more than alternative financing. Utilizing alternative financing reduces the simple payback from 6.1 to 4.2 years because some projects with longer paybacks are eliminated under the alternative financing scenario.
The complete list of cost-effective energy-and cost-reduction projects is given Appendix C-1 for appropriated funds source of capital and in Appendix C-2 for alternative financing source of capital.
3
Recommendations for More In-Depth Assessments
The FEDS model can provide an unbiased assessment of literally hundreds of energy conservation projects; unfortunately, it is not all-inclusive. While the scope of this project is limited to energy-saving projects included in the FEDS model, the energy-saving opportunities identified below were recognized during the site visit and may be worth additional consideration by the site energy staff. It is recommended that the site consider additional assessment of these potential projects.
Programmable Thermostats
The FEDS model does not consider programmable thermostats in the energy analysis. Programmable thermostats are considered a conservation measure rather than an equipment replacement or building improvement. However, during the site visit, the team did not observe any programmable thermostats; although Fort Buchanan has procured several programmable thermostats for family housing quarters and is has them on schedule the gradual installation of them. Programmable thermostats could be a useful conservation measure in smaller commercial buildings, family housing, or any building that is unoccupied during part of the day.
Humidity Control
A consistent problem witnessed during the site visit was buildings over-cooled because of discomfort with humidity. For example, classrooms with dry-bulb temperatures in the 60's with doors and windows open (which brings in more moist air) presumably because the classrooms are too cold.
Fort Buchanan should take an active position on future construction and equipment replacement that considers dehumidification strategies in addition to temperature control. Because occupants can be comfortable in warmer, dry air, this will help save money, avoid over-cooled buildings, and increase occupant comfort levels.
Possible solutions to humidity control that Fort Buchanan should consider and/or actively promote include:
• Verify (commission) temperature settings along all primary facilities to ensure these are operating to the optimum level possible.
• Installation of variable air volume (VAV) boxes in schools (may be a potential solution if that is the reason for over-cooled classrooms) • Consider the use of desiccant wheel dehumidification on larger buildings and new construction.
• Consider heat-pipe or other "wrap-around" pre-cooling/reheat devices which remove moisture from the air.
Additional Envelope Measures
The FEDS model identified many envelope-related measures (e.g., window replacement, additional insulation) as cost-effective retrofits. While insulation and windows may not be immediately obvious, consider that the Fort is now cooling buildings that were originally built to be cooled by natural air movement. Furthermore, attacking infiltration (primarily through window replacement) will aid in the fight to reduce indoor humidity levels. Fort Buchanan DPW should support good envelope measures in future building retrofits and avoid at all cost the practice of putting plastic over open-air hurricane louvers and installing air-conditioning.
Appendix A FEDS Data Collection Form
The following form is used to collect FEDS input data during building audits. Note that not all data types indicated on this form are applicable to all buildings. Nor is all the information indicated on this form always available. Where necessary, the FEDS model infers the values for missing data based on other known building characteristics.
Appendix B Facility Category Descriptions and Associated Buildings
The following table identifies the buildings in the facility categories defined by the assessment team. The table below also includes the FEDS facility category code, the proxy building number(s) audited for the purpose of developing the FEDS model, the proxy building total square footage, the total number of buildings in the category, the total square footage in that category and the % of square footage represented by the proxy buildings. 4 The model calibration includes the family housing units in Coconut Grove (30sf-2) and Coqui Gardens (30sf-3). These units existing during the calibration year and must be included for proper model calibration. After the site visit, major demolition has taken place in those two housing areas. For this reason, no retrofits will be allowed for 30sf-2 and 30sf-3. 
Appendix C-1 Comprehensive List of Cost-Effective Projects Identified from the FEDS Assessment Using Appropriated Source of Capital
The following table identifies the 119 cost-effective energy-and cost-reducing retrofit projects identified from the FEDS modeling and analysis based on the assumption that the projects will be funded using appropriated source of capital funds. Key energy and economic results are presented for each cost-effective retrofit measure. The projects are grouped by building category. More detail, supporting each line-item project recommendation, is contained in the FEDS input and output files, which are delivered to the site energy manager on a CD in conjunction with this report. 
FEDS

